Pedological Study and Classification of Some Soils Developed on Volcanic Rocks in Jerantut District, Pahang by Saleh, Ibrahim
 
 
 
 
 
 
 
 
UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 
PEDOLOGICAL STUDY AND CLASSIFICATION OF 
SOME SOILS DEVELOPED ON VOLCANIC ROCKS 
IN JERANTUT DISTRICT, PAHANG 
 
 
 
 
 
 
IBRAHIM BIN SALEH 
 
 
 
 
 
 
FP 1997 5 
 
 
PEDOLOGICAL STUDY AND CLASSIFICATION OF 
SOME SOILS DEVELOPED ON VOLCANIC ROCKS 
IN JERANTUT DISTRICT, PAHANG 
By 
IBRAHIM BIN SALEH 
Thesis submitted in Fulfilment of requirements 
for the Degree of Master of Agricultural Science 
in Faculty of Agriculture, 
U niversiti Pertanian Malaysia. 
February 1997 
ACKNOWLEDGEMENTS 
I would like to express my sincere thanks to Datuk Hj Abdul Jamil Mohd Ali, 
Director General of Agriculture Department of Peninsular Malaysia and The Public 
Services Department Malaysia for granting me a 2-year study leave. 
I am especially thankful to Dr. Lim Jit Sai, Head of Soil Survey Section of Soil 
Management Branch, Department of Agriculture, Semenanjung Malaysia for his support, 
advice and assistance in the profile description of the soils studied. I am also thankful to 
Mr Tan Meng Hui, Director of Soil Management Branch Kuala Lumpur and Mr Tan 
Choo Laik, Assistant Director of Soil Management Branch, Kuantan for their support. 
I am extremely grateful to the chairman of my Supervisory Committee Assoc.  
Prof Dr. Siti Zauyah Darns and members of the Supervisory Committee, Prof Dr. 
Shamshuddin Jusop and Dr. Che Fauziah Ishak for their constant encouragement, 
advice, suggestion, continuous interest and invaluable supervision on my work and the 
successful completion of this thesis. 
11 
I would also like to extend my appreciation to :-
En. Asri Roslan and Puan Fauziah Md Noor -
Micromorphology Laboratory. 
En. Azali Md. Sab - X-ray Diffraction Section. 
Mr. Ho and Puan Aminah - Electron Microscopy Unit. 
En. Baharin and En. Ahmad - Photography Unit. 
I am extremely thankful to Mr. Siva Kumar Balasundram, Aris Mohamed, 
Zakaria Ibrahim, Norshila, Faizul, Siti Nor and Suhana for their help in sampling, 
laboratory work, manuscript correction and preparation of some figures. 
My deepest gratitude goes to my wife, Nurlaili Jusoh, for her help in typing and 
manning the household in my absence. To my daughters, Nur Hafizah and Nur Hidayah : 
and my son, Mohd Hafizan, you are all always in my mind and I hope that someday you 
would achieve more than I have. 
111 
TABLE OF CONTENTS 
Page 
ACK.i�OWLEDGEl\'IENTS ................................................................................ II 
LIST OF TABLES .............................................................................................. x 
LIST OF FIGURES ............................................................................................ xiii 
LIST OF PLL-\ TES ................................................................•............................. '{vi 
LIST OF ABBREVIA TIONS ...........•...................•............................................. '{ix 
ABSTRACT 
ABSTRAK 
CHAPTER 
I INTRODUCTION 
Occurrence and Types ofVo[camc Rocks 
Background of The Study 
Objectives of The Study 
iv 
xx 
uiii 
2 
3 
II LITERATURE REVIEW 
Soil Physical Properties 
Soil Chemical Properties 
Page 
............................................................ 4 
. . . . . ... . . . . .......... ........ ........ . . . . . . . .. .... . 5 
Soil Mineralogical Properties . . . . . . . . . . ... . ... .... . . .... ... . . . . .. . . . . ... 8 
Clay Mineralogy ... .. . ...... . .. . . . . . . . . . . . ..... . . . . .  ....................... 8 
Sand and Silt Mineralogy . . . . .. . . . . ... ... . . . . . .... . . . .. . . . . . . . . . .. . . . . . .  10 
Iron Oxide Mineralogy . . .. . . . . . .. . . . ..... .. ....... . ... . . . . . . . . . . . . . .  10 
Soil Micromorphological Properties . . . . . .... . . .. ........ . . . . . ... . . . . . . .  11 
Weathering and Soil Formation . . .. . . . . . . . . . . . . . . ... . . . .. ... .. ... . .. .... . . .  11 
ill DESCRIPTION OF THE AREA 
Location . . . . . ..... . . .. . . ....... . . . .. . . . . . . . . ........ ....................... .... . . . . ...... . . . .  14 
Physiography .... . . ......... . . . . . ... . . . .... ... .......... . . .......... . . . . . . .. . ...... 14 
Geology . .................... .. ..................... ..... .. ....... . .... . . .. .. . .... ..... . .... 18 
Vegetation and Present Landuse . . . ...... . . ..... . . ... . ..... .. . . . .... . .. .... . . .. . . .  21 
Climate ..................................................................................... 23 
Temperature ...... . . . . . . .. . . . . .. . . . . . . . .... . . .. ..... ... .. .. . .. .. 26 
Rainfall ...... . . . . . .. . . . . . ... . . . ... .. . . . . . .. . . . . . . ........... . . .. ....... . 26 
Relative Humidity .. ... . . ... � .. . ... ... . ... . . . .. . . . . . ... . . ....... ... . . . . .  27 
Evapotranspiration ...... . . ...... . .. .. . ..... . . . . .. ..... . . . ... ... ... ....... . 27 
Agricultural Rainfall Index . . . . ... . . . . . .. ....... ...... . .. . . ........ .... 28 
Agro-ecological Zone.......................................................... 30 
v 
IV MATERIALS AND METHODS 
Page 
Sampling .................................................................................. 32 
Physical Analyses .... ..... ... .... ....... .... .............. ..... . .................... 34 
Granulometry ......... .......... .......... .......... ..... ............ ............. 34 
Bulk Density ....... ... ........................... ..... ...... ...... ..... .......... 34 
Moisture Content ..... ............ .......... ........ ...... .......... ........ ..... 35 
Chemical Analyses ...... ........... ............ ..... ................. .................. 35 
Soil pH .......................................................................... 35 
Organic Carbon .. . ....  ............................... .......................... 35 
Nitrogen ...................................................................... 35 
Available Phosphorus .................................... ........... ... .... 36 
Exchangeable Aluminium and Exchangeable 
Acidity . . . ... ........... ............. ..... . . ...... . . . ........... . . ................ 36 
Extractable Acidity .. .. . . ..... . .. ......... . ..... .............. ........ 36 
CEC and Exchangeable Bases . .... ....... ...... ...............  ..... 37 
Free Iron Content ........................................................ .37 
Mineralogical Analyses . . . . .... .......... ............... ............. ........ .. ..... 38 
X-Rays Diffraction Analysis ..... ........... ....... . . ....... ....... . 38 
Transmission Electron Microscope... .......... ..... ........... ..... 40 
Scanning Electron Microscope ........... ... .... ................... 41 
Micromorphological Analyses .. . . .... .. ... ........ . ... ....... .. ......... .... 41 
Soil Classification ... .............................. ..... .. . ... ....... . .... . ...... . 41 
VI 
Page 
V RESULTS AND DISCUSSION 
Morphological Characteristics ... .................. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..42 
Soils Developed Over Andesite .......................................... 42 
Soils Developed Over Rhyolite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .44 
Physical Properties . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Particle Size Distribution . . .. . .. . . . . . . . .. . . . . . . . . .. . . . . . . . . .. . . . .. . . . . . . . . . . 48 
Bulk Density and Total Porosity . . . . .. . . . .. . . . . . .. . . . . .. . . . . . . . . . . . . . . . . .  5 1  
Water Retention ................................................. 53 
Chemical Properties . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  56 
Soil Reaction ........................................................ 56 
Total Nitrogen and Organic Carbon . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .58 
Available Phosphorus . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . . .  5 8 
Iron Oxide Content . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . .. . . . . .. . . . . . . . . . . 60 
CEC and Base Saturation . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
Extractable Acidity and %Al Saturation . . ... ... . . . . . .. . . . . . . . . . . . . . . .  66 
Apparent CEC, ECEC and 
Base Saturation (sum of cations) . . . .. . . . ... . . . . . . . . ... . . . . . .. . .. . . . . . . . .  67 
Mineralogical Properties . . . . . .. . .. . . .. . . . . ... . . .. . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . .  70 
Mineralogy of Bulk Samples of Lower 
Horizons and Rocks . . .. .. . . .. . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . .  70 
Mineralogy of Sand, Silt and 
Clay Fractions . .. . . . ... . . .. .. . . . .... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  78 
Treated Clay ................................................................. . 89 
Electron Microscopy . ..... . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
Vil 
Page 
Iron Oxide Mineralogy ............ . .......................................... 110 
Micromorphological Properties ....................... ............................. 120 
Profiles Over Andesite .................................... .......... ...... 120 
Profiles Over Rhyolite ....... . . .................. . .................. ....... 132 
Genesis of The Soils .............. ........................................... 142 
Introduction ............................................................... 142 
Soil Forming Processes .... ........... . .................. .. . ................. 142 
Influence of Parent Rock on Some 
Major Soil Properties ...... . . . . ... . . . ....................... ................. 146 
VI SOIL CLASSIFICATION 
Introduction ....... ........ . . . ............... . ...... ........ ........ ...... . .... .. . . . . . . . .... 151 
USDA Soil Taxonomy Classification .......... ..... . . ........ . .... ...... ...... . 151 
F AOIUNESCO Legend Classification ........... . . . .. ................. . ........ 153 
Malaysian Classification . ..... .......... ...................... ................ . . . . . .... 155 
VII CONCLUSIONS .... .. .......................... . . .. ... . .............................. ........... . 158 
REFERENCES ................................. ......... . . ................... .............................. 161 
viii 
APPENDICES 
A Morphological Characteristics and 
Analytical, Data of Profile 1 .. " ............................. ....................... 171 
B Morphological Characteristics and 
Analytical Data of Profile 2 .. . . . . . . . . . .  ,.......................................... 177 
C Morphological Characteristics and 
Analytical Data of Profile 3 .. .. ...... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . .. .. . . . . .  183 
D Morphological Characteristics and 
Analytical Data of Profile 4 . . . .. . . ... . . . . . . . .... . . ....... .. . . . . . . . . ... .. . . . . . . . .. . .  188 
E Morphological Characteristics and 
Analytical Data of Profile 5 ....... . . . .. . . .... .. . .  ...... ............................ 193 
F Morphological Characteristics and 
Analytical Data of Profile 6 ... . . . .. . . . . . . . .. . . . . . . .. . .. . . .. . . . . . . . ... . . .. ... . .. . .. .  199 
BIOGRAPHY . . .... . . . . . .... . .  , ....... , .... " ............... ,., ..... , ....................... , ............... 204 
IX 
LIST OF TABLES 
Table 
1. The main commodity and their extent in the 
Page 
District of Jerantut ............... . ................... ............... '" .... ........... ............. ... 21 
2. The simplified climatic data of Central Jerantut... ........... ..... ...... .... .......... ... 23 
3. The simplified climatic data of North Jerantut. .. . ....................... . ................. 24 
4. The simplified climatic data of East Jerantut.. ............................................. 24 
5. The agricultural rainfall index of 
Jerantut District ...... . .... . ..... . .................... . . ... . .......... ............ ... . ................ . .. 28 
6. The main climatic characteristics of 
agro-ecological region in Jerantut District ............................. ... . .. '" ............. 30 
7. The major morphological properties of the major 
B horizons of the soils studied .................... . ......... ....... . ........... . . . . . ..... . ........ . 46 
8. The particle size distribution for major horizons 
of the soils studied ............ . . .......... .. . ......... . .. .... . ........ . .. . .... .......................... 49 
9. The pH, exchangeable AI, organic carbon, total N 
and CIN ratio for major horizons of the 
soils studied .......... ..... ....................................... .................. ...................... 57 
10. The available P and iron oxide content for major 
horizons of the soils studied .... . ... . .. . ....... . ..... . . . ..... . ... .... . ........ ...... . ............. . 59 
11. The CEC, bases, extractable acidity and 
AI saturation for major horizons 
of the soils studied . ....... . ........ ............ ..... .............. . .. ........ ......... . . .. ..... . ........ 65 
12. The apparent CEC, ECEC and base saturation 
(by sum of cations) for major horizons of 
the soils studied .... ...... ...... . ....... ..... .. . .... ................. . . . . . . ... . ............ ....... 68 
13. Mineralogy of bulk lower horizons and 
rocks of the soils studied ......... ............... . ...... . ...................... . .... . . . ....... . ....... 71 
14. Mineralogy of clay, silt and sand 
fractions of profile 1 .. . ... .......... ... ....... . ..... . ............... . ... .......................... ..... 79 
x 
Page 
15 Mineralogy of clay, silt and sand 
fractions of profile 2 79 
16 Mineralogy of clay, silt and sand 
fractions of profile 3 82 
17 Mineralogy of clay, silt and sand 
fractions of profile 4 82 
18 Mineralogy of clay, silt and sand 
fractions of profile 5 85 
19 Mineralogy of clay, silt and sand 
fractions of profile 6 8 5  
20 The crystal size and AI substitution of 
goethite and hematite of the soils studied 116 
21 The micromorphological properties of 
profiles 1 & 2 124 
22 The micromorphological properties of 
profiles 3 & 4 125 
23 The micromorphological properties of 
profiles 5 & 6 135 
24 Some micromorphological properties of 
the B horizons of the soils studIed 136 
25 The characteristics for argillic horizon 
requirements 154 
26 Soils classification according to USDA 
and F AOIUNESCO Systems 155 
27 Table identification of soils developed from 
igneous and high grade metamorphic rocks 156 
28 Soils series and their simplified characters 157 
29 Physical analyses data of profile 1 174 
Xl 
Page 
30. Chemical analyses data of profile 1 . . . . .. . . ....... . . . .. . . . . . . . . . . .... . . . . . . . . . .. . . . . .. . . .. ... 175 
3 1. Physical analyses data of profile 2 .... . . . . . . .  . . . .  . . . . . .  ... . ... . . .. . . . . .  . . . . .  ... .. . .  . . . . .. . .... 180 
32. Chemical analyses data of profile 2 .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . .. . . . . . . .. . . . . .. .  18 1 
33. Physical analyses data of profile 3 . . . . . . . . . . . . . . ...... . . . . . . . . . . . .. . . . .... . . . . . . . . . ...... . .. . .  185 
34. Chemical analyses data of profile 3 . . .. . . . . . . .. . . . . ..... ....... . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . 186 
35. Physical analyses data of profile 4 ........... . . .. . . . . . . . . .. . . .. . . . ... .. . .. . . ... . . . ... ..... .. .. 190 
36. Chemical analyses data of profile 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . .  191 
37. Physical analyses data of profile 5 . . .......... . .. . . . . . . . . ... .... ........ . . . . . .. . ......... . .. . .  196 
38. Chemical analyses data of profile 5 . ..... ......... . ... . . . . . . . . . ... . ...... . . . . . . . . . . .... ...... 197 
39. Physical analyses data of profile 6 . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  201 
40. Chemical analyses data of profile 6 ... . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 202 
Xll 
LIST OF FIGURES 
1. Location of Pahang State and Jerantut District ............................................ 15 
2. Communication and drainage of Jerantut District ... ................... ................ 16 
3. The physiography of Jerantut District ................................................. . . ........ 17 
4. Volcanic rocks in Jerantut District .............................................................. 19 
5. Geology of Jerantut District ........................................................................ 20 
6. Present landuse of Jerantut District ............................................................. 22 
7. Climatic data diagrams of Jerantut District .................................................. 25 
8. Agricultural rainfall index of Jerantut District ............................................. 29 
9. Agro-ecological zones of Jerantut District.. .................................................. 31 
10. Location of the soil profiles ........................................................................ 33 
11. Cross-section of the study area ..... ................ ... . ...................................... ...... 47 
12. The distribution of clay content of 
the soils studied . ....................................................................... ..... . . ....... . . . . .  50 
13. The silt/clay ratio of the soils studied .......................................................... 50 
14. The bulk density and total porosity of 
the soils studied ........................................................................................... 52 
15. Water held at 33kPa, 1500kPa and available 
water of the soils studied ............................................................................. 54 
16. The relationship between water held at 1500kPa 
and clay content of the soils studied ............................................................ 55 
Xlll 
17. The relationship between free iron oxide 
Page 
and clay content of the soils studied ............................. . ............................. 62 
18. The X-ray diffractograms of the bulk soils 
and nodules of prQfile 1 ., .......... ..... ... .......... ........ .......... .......... ............. ...... 72 
19. The X-ray diffractograms of the bulk saprolite 
and saprock of profiles 2 ............................................................................ 73 
20. The X-ray diffractograms of the bulk (soils + 
saprock), saprock and rocks of profile 3 ..................................................... 74 
21. The X-ray diffractograms of the bulk (soils + 
saprock), saprock and rock of profile 4 ........................................................ 75 
22. The X-ray diffractograms of the bulk saprolite, 
saprock and rocks of profile 5 ............... . ........ . ............... ............................. 76 
23. The X-ray diffractograms of the bulk saprolite, 
saprock and rocks of profile 6 ..................................................................... 77 
24. The X-ray diffractograms of the clay, silt 
and sand fractions of profile 1 . ..... ........ ....... ... .... ........... ....... .... .......... ... ...... 80 
25. The X-ray diffractograms of the clay, silt 
and sand fractions of profile 2 .................................................................... 81 
26. The X-ray diffractograms of the clay, silt 
and sand fractions of profile 3 ..................................................................... 83 
27. The X-ray diffractograms of the clay, silt 
and sand fractions of profile 4 ..................................................................... 84 
28. The X-ray diffractograms of the clay, silt 
and sand fractions of profile 5 ..... ................ .......... . . ............. ....................... 86 
29. The X-ray diffractograms of the clay, silt 
and sand fraCtions of profile 6 ..................................................................... 87 
30. The X-ray diffractograms of the treated clay 
fractions of profile 2 .... ... ...................... . . ............................... . . . . . . ................ 90 
31. The X-ray diffractograms of the treated clay 
fractions of Profile 3 .................................................................................... 91 
XIV 
32. The X-ray diffractograms of the treated clay 
Page 
fractions of profile 4 . . . . . . . . . . . . ................. ... . . .. . .......... . ............... . . . .................. 92 
33. The X-ray diffractograms of the treated clay 
fractions of profile 5 ............. ................... ........ ........................ . .... ............... 93 
34. The X-ray diffractograms of the treated clay 
fractions of profile 6 . . .... ..... ........ . ....... ............................... . . . . . ........... . ......... 94 
35. The X-ray diffractograms of the iron oxides 
in clay fraction of profile 1 . . . . . .. . . . .......... . . . .. . . . . . ..... . . ..... . . . ....... . . . . .. . ............. III 
36. The X-ray diffractograms of the iron oxides 
in clay fractions of profile 2 ...................................................................... 111 
37. The X-ray diffractograms of the iron oxides 
in clay fractions of profile 3 ........... . . ....... . .. . . . . ...... ........ ..... . . ... . ... ............... 112 
38. The X-ray diffractograms of the iron oxides 
in clay fractions of profile 4 .................. .................................................... 112 
39. The X-ray diffractograms of the iron oxides 
in clay fractions of profile 5 ..... ............. .................................................. . 113 
40. The X-ray diffractograms of the iron oxides 
in clay fractions of Profile 6 ........ . .. .... . . ...... . . . . . .......... . .............. . . . .... . ......... 113 
41. The relationship between goethite MCD (110) 
and Al substitution of goethite . . . . . . . . . . .......... . . .... . . . . ..... .. ........ . . ...... . ...... . . ... . .  117 
42. The relationship between goethite MCD (Il l )  
and AI substitution of goethite ................................ . . . . . ........ ....... . . . ....... .... 118 
43. The relationship between AI substitution of 
hematite and AI substitution of goethite ... . ........ . ... . ..... ........ ..................... 119 
44. Soil formation of the profiles studied ........... .......... .. . ............................ . . .  150 
xv 
LIST OF PLATES 
I. The thin section micrographs of soils 
developed over andesik with acid 
Page 
oxalate extraction . . . .... . . . . . . . .. . . . .  : .................................................................... 63 
I The thin section micrographs of soils 
devdoped over rhynlile with acid 
oxalate extraction . . . . . . .... . . . . . . . . . . . . . .. . . ... . .. . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . .. . . .. . . . .. . . .  64 
3. TEM micrographs of clay fractions of the very 
deep protlle of soil developed over andesite ................................................. 96 
-L TEM micrographs ofc\ay fractions of the deep 
profile of soil developed over andesite . .... . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  97 
5. TEM micr�graphs of clay ti"actions of 
the moderately deep profiles of soil developed over andesitel 
(Profile 3 and 4) . . ... . . . ... . .. . .. .. . . . . . . . . . . . . . .. . . . .. . . . . . . .. . . . . . . . . . . .. . . . .. . . . .. . . . . . . . . . . . .. . 98 
6. TEM micrographs of clay fractions of the deep 
profile of soi I developed over rhyolite . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. .. . . . . . . . ... . . . .. .. 99 
"I. 'l'FMlIlicrogwphs of clay nactiolls of 
the moderately deep profile of soil 
(kveloped over rhyolite ............................................................................... 100 
8. SEMmicrographs of undisturbed Bt horizons of 
the deep profiles of soil developed 
over andesite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
l) SI �M micrographs of undisturbed HI and BC horizons 
of the deep profi les of soi I developed over andesite ................................... 102 
10. SEM micrographs of undisturbed C horizons of 
the deep profiles of soil developed over andesite ....................................... 103 
II. SEM micrographs of undisturbed Bt horizons of 
the moderately deep profiles of 
soil developed over andesite . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . ... . .. 104 
XVI 
Page 
12 SEM mIcrographs of undIsturbed C honzons of 
the moderately deep profiles of 
sOlI developed over andesIte 105 
13 SEM mIcrographs of undIsturbed Bt honzons of 
the deep profile of soIl developed over rhyolIte 106 
14 SEM mIcrographs of undIsturbed BC and C honzons 
of the deep profile of soil developed over rhyolite 107 
15 SEM mIcrographs of undIsturbed Bt and BC 
hOrIzons of the moderately deep profile of 
soIl developed over rhyolIte 108 
16 SEM mIcrographs of undIsturbed C honzons 
of the moderately deep pro tile of 
soIl developed over rhyolite 109 
17 Thm sectIOn mIcrographs of andesIte parent rock 
(low magmficlent) 126 
18 Thm sectIOn mIcrographs of andesIte parent rock 
(hIgh magmficlent) 127 
19 Thm sectIOn mIcrographs of mIcrostructure of 
the deep profiles of sod developed over andesIte 128 
20 Thm sectIOn mIcrographs of mIcrostructure of 
the moderately deep profiles of SOlI developed over andesIte 129 
21 Thm sectIon mIcrographs of the Bt, BC and C 
honzons of the deep profile of SOlI developed over andeSIte 130 
22 Thm sectIOn mIcrographs of the Bt, BC and C 
hOrIzons of the moderately deep profile of 
soil developed over andeSIte 131 
23 Thm sectIOn mIcrographs of rhyolIte parent rock 
(low magmficlent) 137 
24 Thm sectIOn mIcrographs of rhyoltte parent rock 
(hIgh magmficlent) 138 
,(VB 
Page 
25. Thin section micrographs of microstructure of 
soil developed over rhyolite . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ... . . .. . .  139 
26. Thin section micrographs of the Bt, BC and C 
horizons of the deep profile of soil developed rhyolite . . . . . . ... . . . . . . . . . . . . . . . . . .. . .  140 
27. Thin section micrographs of the Bt, BC and C 
horizons of the moderately deep profile of 
soil developed rhyolite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
28. Photograph of profile 1 . ............................................................................ 173 
29. Photograph of profile 2 . ............................................................................ 179 
30. Photograph of profile 3 . ............................................................................ 184 
31. Photograph of profile 4 ............................................................................. 189 
32. Photograph of profile 5 . ............................................................................ 195 
33. Photograph of profile 6 ............................................................................ 200 
XVllI 
ACEC 
ARI 
CEC 
ECEC 
FAO 
UNESCO 
USDA 
LIST OF ABBREVIATIONS 
apparent cation exchange capacity 
agricultural rainfall index 
cation exchange capacity 
effective cation exchange capacity 
Food and Agriculture Organization of The United Nations 
United Nations Educational Scientific and Cultural 
Organization 
United States Department of Agriculture 
XIX 
Abstract of thesis submitted to the Senate of Universiti Pertanian Malaysia in 
fulfilment of requirements for the degree of Master of Agricultural Science 
Chairman 
Faculty 
PEDOLOGICAL STUDY AND CLASSIFICATION OF 
SOILS DEVELOPED ON VOLCANIC ROCKS 
IN JERANTUT DISTRICT, PAHANG 
By 
mRAHIM BIN SALEH 
FEBRUARY, 1997 
Assoc. Prof Dr. Siti Zauyah Darus 
Agriculture 
Six soil profiles, comprising four soils developed over andesite and two 
developed over rhyolite were sampled in Jerantut District, State of Pahang. The soils 
were characterized by physical, chemical, mineralogical and micromorphological 
techniques. Classification of the soils were carried out according to Soil Taxonomy 
( USDA, 1996), FAOIUNESCO Legend (1990) and Malaysian Classification Systems 
(1992). 
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In general, the particle size distribution, colour and some of chemical properties 
of the soils are directly associated with their parent materials and stage of weathering. 
The high clay content and redder colouration suggest an advanced stage of weathering 
and the presence of a high content of mafic minerals in the parent materials. 
Soil reaction is slightly acidic to moderately acidic in both parent materials with 
pH(water) ranging from 4.7 to 5.2 and with negative ll. pH values. The soils developed 
over andesite have a CEC ranging from 10 cmol(+)/ kg soil to 15 cmol(+)/ kg soil, 
while in rhyolitic soils, CEC ranges between 5 cmol( +)/ kg soil and 1 0  cmol( + )/ kg soil. 
The more weathered soils have base saturation less than 50% by NH40Ac. 
The organic carbon, nitrogen, available phosphorus and exchangeable Al 
content are low for all the soils studied. The free iron oxide content is higher for the 
soils derived from andesite which are deep soils when compared to soils on rhyolitic 
materials which are moderately deep soils. The free iron oxide of the soils is 'active' in 
nature based on the FejFed ratio of more than 0.05 except for one of the profiles over 
andesite (profile 1) which is less than 0.05 and reflected an advanced stage of 
weathering. 
Mineralogically, both of the parent materials are dominated by feldspar and 
quartz. Calcite, pyroxene, mica and chlorite are present as accessory minerals in 
andesite while rhyolite only contain chlorite and cristobalite. Kaolinite is the most 
XXI 
dominant alumina-silicate clay mineral for these soils. Traces of interstratified layer 
and varying amount of feldspar, calcite, quartz, mica, halloysite and iron oxide are 
present. However, in one of the profile over andesite (profile 4), vermiculite is present 
in large quantity. 
The soils over andesite have granular and subangular blocky microstructure 
while soils over rhyolite have spongy microstructure. Clay coatings are present along 
voids and in matrix. The matrix of the soils developed over andesite are reddish brown 
, showed cloudy appearance and contain some iron oxide nodules while tor the soils 
developed over rhyolite are yellowish, have clear appearance and lack iron oxide 
nodules. Some crystalline feldspar grains were observed in all the B horizons of the 
profiles studied indicating that the soils contain some nutrient reserves. 
The soils studied are all in the intermediate stage of weathering based on some 
criterion such as presence of weatherable minerals, clay coating and fine silt/clay ratio. 
According to Soil Taxonomy (USDA,1996) the soils studied are classified as Ultisols 
and Alfisols. While according to the FAOIUNESCO Legend (1990), the soils are 
classified as Acrisols, Alisols and Luvisols. 
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Sebanyak 6 profil tanah telah dibuat persampelan di sekitar Jerantut, negeri 
Pahang yang mana 4 profil terdiri dari tanah yang terbentuk daripada batuan andesit 
dan 2 dari tanah yang terbentuk daripada riolil. Tanah-tanah tersebut ditentukan sifat-
sifat fizik, kimia, mineralogi dan mikromorfologi. Pengkelasan tanah dibuat 
berdasarkan kepada sistem oleh USDA(1996), Lagenda FAOIUNESCO (1990) dan 
Malaysia (1992). 
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Pada amnya, taburan saiz partikel, warna tanah dan sesetengah sifat kimia tanah 
adalah bergantung kepada jenis batuan induk dan peringkat luluhawa. Kandungan 
lempung yang tinggi dan berwarna kemerahan adalah disebabkan peringkat luluhawa 
yang lebih tinggi dan kandungan mineral mafik yang terdapat didalam batuan induk. 
Tanah-tanah yang dikaji merupakan tanah agak asid ke sederhana asid iaitu pH 
diantara 4.7 ke 5.2 dan D.. pH yang negatif. Tanah-tanah yang terbentuk daripada batuan 
andesit mempunyai KPK diantara 10 - 15 emol( + )/ kg tanah sementara tanah daripada 
riolit pula adalah diantara 5 - 10 emol( +)/ kg tanah. Tanah yang sangat dalam 
mempunyai ketepuan bes yang kurang daripada 50% (dengan NH40Ae). 
Kandungan karbon organik, nitrogen, fosforus tersedia dan AI tukarganti adalah 
rendah didalam kedua-dua batuan induk. Kandungan oksida ferum bebas tinggi pada 
tanah yang terbentuk daripada andesit dan tanah yang dalam berbanding dengan tanah 
yang terbentuk daripada riolit dan tanah sederhana dalam. Oksida ferum menunjukkan 
berada didalam keadaan aktif dimana kadar FejFed lebih daripada 0.05 kecuali profit 
1. Ini disebabkan ianya merupakan tanah yang lebih tinggi peringkat luluhawanya. 
Feldspar dan kuartza adalah merupakan mineral utama didalam kedua-dua 
batuan induk. Lain-lain mineral yang kedapatan adalah adalah sedikit iaitu kalsit, 
piroksin, mika dan klorit bagi batuan andesit sementara riolit pula hanya klorit dan 
kristobalit. Kaolinit adalah merupakan mineral lempung yang utama didalam tanah­
tanah yang dikaji. Disamping itu terdapat juga sedikit mineral lapisan berlapis dan 
mineral feldspar, kalsit, kuartza, mika, haloysit dan oksida ferum dengan berbagai 
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